We have systematically studied the inactivation of viruses in vitro by AsA, using a wide variety of bacterial viruses (phages) as model systems. From our results and other earlier results, we have reached the conclusion that the in vitro virus-inactivating effect of AsA is a universally acceptable phenomenon in all the viruses (3) (4) (5) (6) (7) (8) (9) .
With respect to the mechanism of inactivation of viruses by AsA, we have so far studied it with two DNA phages, J1 containing a double-stranded DNA (6) and cA containing a single-stranded DNA (7) .
The present paper describes the mechanism of the inactivation by AsA of a 
RESULTS

AND DISCUSSION
Inactivation of phage MS2 by AsA Figure 1 shows the time course of inactivation of phage MS2 by different concentrations of AsA. The rate of inactivation was proportional to the concen tration of AsA. The inactivation curves were initially shouldered but became a Before use the buffer was boiled to exclude dissolved oxygen and rapidly chilled with a stream of nitrogen gas. b A nitrogen gas was bubbled through the reaction mixture .c
The reaction was performed in a Thunberg tube evacuated with a vacuum pump (1 mmHg).
true also when the reaction was carried out in vacuo. The results indicate that the inactivating effect of AsA requires the presence of oxygen.
2. Effect of oxidizing or reducing agents on inactivation. As shown in Table  2 , the addition of oxidizing agents such as hydrogen peroxide and permanganate into the reaction mixture enhanced the inactivation of the phage by AsA. On the other hand, reducing agents having thiol group(s) inhibited the inactivation; thioglycollate, cysteine and mercaptoethanol at certain concentrations almost completely inhibited it. 3. Effect of metals or chelating agents on inactivation. As shown in Table3, Cu2+ and Fe2+ enhanced the inactivation; particularly Cu2+ markedly enhanced it. On the other hand, chelating agents such as citrate and EDTA almost completely inhibited the inactivation.
4. Effect of preincubation of AsA solution on inactivation. Unlike the fore going experiments, the AsA solution was aerobically preincubated before adding a Sulfates were used in all cases .
the phage.
As shown in Fig. 2 , the rate of inactivation was the fastest when the phage was added to the AsA solution preincubated for about 10 min. Preincu bation for longer periods resulted in a progressively lower rate of inactivation.
DAsA, an oxidized form of AsA, had no effect on the infectivity of the phage. The results mentioned above indicate that: 1) The inactivating effect of AsA requires the presence of oxygen; 2) The inactivation is accompanied by the oxidation of AsA; and 3) The intermediates formed during the course of oxidation of AsA to DAsA are responsible for the inactivation.
5. Effect of hydrogen peroxide on the phage. The oxidation of AsA ap parently proceeds by the over-all reaction 6. Effect of free radical scavengers on inactivation. AsA produces free radicals as intermediates during the course of its oxidation. As shown in Table 5 , free radical scavengers inhibited the inactivation of the phage by AsA. In par ticular, AET and MEA at certain concentrations almost completely inhibited it. As mentioned above (Table 2) , the inactivation was inhibited also by thiol com pounds which are known to be potential free radical scavengers. Strand scission of phage MS2 RNA by AsA Our previous studies with the DNA phages (6, 7) have shown that the target in the phage virion attacked by AsA (strictly speaking, the free radicals formed during the oxidation of AsA) is not the protein moiety but the nucleic acid moiety, and that the scission of the nucleic acid strand may be mainly responsible for the inactivation of phages. With an RNA phage, WONG et al. (11) have reported that the treatment of the phage with AsA and Cu2+ results in the cleavage of phage RNA without causing any detectable changes in the structural integrity of the virion. Therefore, the following experiments were carried out to examine whether AsA reacts with phage MS2 RNA to cause strand scissions in the RNA.
Single-stranded RNA was extracted from the intact phage. The extracted RNA was then incubated with AsA, and the resulting RNA was analyzed by sucrose density gradient centrifugation. The results are shown in Fig. 3a . The sedi mentation profiles indicate that AsA reacts with the RNA to cause strand scissions. In the presence of Cu2+ or hydrogen peroxide which enhanced the phage inacti- vation, AsA caused marked strand scissions.
RNA extracted from the AsA-inactivated phage was also analyzed by sucrose density gradient centrifugation and found to be degraded to lower molecules, as shown in Fig. 3b . This is evidence that the strand scission occurs within the virion .
On 
